Abstract. Geometry and energy of argon clusters confined in zeolite NaCaA are compared with those of free clusters. Results indicate the possible existence of magic numbers among the confined clusters. Spectra obtained from instantaneous normal mode analysis of free and confined clusters give a larger percentage of imaginary frequencies for the latter indicating that the confined cluster atoms populate the saddle points of the potential energy surface significantly. The variation of the percentage of imaginary frequencies with temperature during melting is akin to the variation of other properties. It is shown that confined clusters might exhibit inverse surface melting, unlike medium-to-large-sized free clusters that exhibit surface melting. Configurational-bias Monte Carlo (CBMC) simulations of n-alkanes in zeolites Y and A are reported. CBMC method gives reliable estimates of the properties relating to the conformation of molecules. Changes in the conformational properties of n-butane and other longer n-alkanes such as n-hexane and n-heptane when they are confined in different zeolites are presented. The changes in the conformational properties of n-butane and n-hexane with temperature and concentration is discussed. In general, in zeolite Y as well as A, there is significant enhancement of the gauche population as compared to the pure unconfined fluid.
Introduction
Clusters exhibit properties different from those of individual atoms or molecules as well as that of bulk. The study of clusters is not only interesting for its own sake but also because it can provide insight into the transition from the individual to the bulk behaviour (Nauchitel and Pertsin 1980; Honeycutt and Andersen 1987; Berry and Cheng 1992) . One of the characteristic features of clusters of small sizes (--5-100 atoms or molecules) is that their properties do not vary smoothly with the cluster size, t~. Clusters of certain sizes seem to be significantly stabler than the neighbouring sizes--these values of n are termed magic numbers (Hoare and Pal 1970; Frantz 1995) . The properties of free clusters get significantly altered when they are confined in a host matrix. The extent to which a specific property will be altered would depend on the nature of the confining medium. Our aim here is to consider two specific, though somewhat unconnected systems: (i) argon clusters confined in zeolites NaCaA and L, and (ii) alkanes (C 4 to C a and C~,) in zeolites Y and A. We shall see how the properties of free argon clusters such as tContribution No. 126t) from the Solid State and Structural Chemistry Unit *Author for correspondence structure, energetics, dynamics and melting behaviour are modified when they are confined in zeolitic cages. Instantaneous normal mode analysis (Adams and Stratt 1990a) of the free and confined clusters are also presented.
The study of the adsorption and conformational properties of long chain n-alkane molecules in zeolites is relevant to many practical applications and is interesting from a theoretical point of view. A proper investigation of the conformational behaviour of flexible alkane molecules within the zeolite is essential to understand other properties. Many experiments have been attempted to determine the sorption behaviour of alkanes in zeolites (Richards and Rees 1987; Thamm 1987) . But it is difficult to obtain experimentally the behaviour of adsorbed molecules at a molecular level. Only recently NMR techniques have been used to study the adsorption and diffusion in zeolites (Chmelka et al 1991; Karger and Ruthven 1992) . PFG NMR has been used to study the self-diffusion of n-alkanes from methane to n-heptane in zeolites NaCaA and NaX (Karger et al 1980; Heink et al 1992) . But detailed information on the conformational behaviour of industrially important long-chain n-alkanes is not available.
Molecular simulation methods enable one to study the adsorption, diffusion and conformational properties of long chain molecules. These methods have been used by Theodorou and coworkers (June et al 1990 (June et al , 1992 to study the conformations of n-butane and n-hexane in silicalite at different sorbate loadings. Recently, adsorption of n-alkanes, ranging from butane to dodecane has been studied in silicalite and mordenite at zero coverage limit by Smit and Siepmann (1994a) . Thermodynamics, conformational and diffusion related properties of n-butane and n-hexane in silicalite have been studied in detail by Hernandez and Catlow (1995) using molecular dynamics (MD) technique. Recently Theodorou and coworkers (Maginn et al 1995) have reported adsorption of n-alkanes, ranging from C 4 to C25 in silicalite, using a bias MC technique. We shall see how the conformational properties of n-alkanes are altered on confinement. Calculations have been performed which attempt to obtain the underlying reasons for these differences.
Model
Structural details of the host zeolites as well as details of the potential parameters are given below for studies pertaining to both argon clusters and n-alkane molecules in zeolites.
l Structural details
We have carried out MC simulations of Ar6, Ar 7 and Arj3 clusters confined to the a-cages in zeolite NaCaA. We have also studied the melting behaviour of an Arl3 cluster confined in zeolite L. n-alkanes in zeolites Y and A have been investigated.
2.1a
Zeolite NaCaA: The structure of zeolite NaCaA was taken from the work of Pluth and Smith (1980) . Zeolite NaCaA crystallizes in the cubic space group Fm3c and has an edge length of 24.555 A. Each unit cell of zeolite NaCaA contains 192 Si, 384 O, 32 Na and 32 Ca atoms. There are eight large cavities of about
